A study with a 2 × 2 factorial arrangement was conducted to determine the effects of 2 dietary crude protein levels, high (CPh) or low (CPl), supplemented with free amino acids (AA), and 2 ages at photo stimulation (PS)-early (21 wk; PSe) or late (23 wk; PSl)-on reproduction traits of broiler breeders and progeny performance. Diets were isocaloric, and calculated CP content of the CPl diets was 15 g/kg lower than the CPh diets during all phases. A total of 480 female and 64 male Ross 308 breeders of 20 wk of age were used. Total egg production was similar between CPl and CPh birds during phase 1 and 2 but was reduced by 2.8 eggs for CPl birds during phase 3. For the overall laying period, CPl birds tended (P = 0.075) to produce 4.7 fewer total eggs. Hatchability of set eggs was similar between CPl and CPh birds during phases 1 and 2 but tended (P = 0.064) to be lower for CPl birds in phase 3. PSe birds showed an advanced age at sexual maturity and age at peak production of 4.6 and 5.3 d, respectively, resulting in 2.5 more total eggs during phase 1. During phase 1, PSe birds showed an almost 5% increased fertility. Chick production in phase 1 was higher for PSe birds resulting in a tendency (P = 0.071) to higher overall chick production of almost 8 chicks. Progeny from early PS breeders showed an overall significant lower feed conversion ratio (FCR). It was concluded that egg and chick production during phases 1 and 2 were not affected by dietary CP level, but egg and chick production was reduced for CPl birds during phase 3. On the other hand, PSe birds showed an increased number of chicks. It is possible to decrease CP level of breeder diets with comparable reproduction from 22 to 46 wk; however, this is questionable for phase 3. For maximal chick production, early PS is recommended.
INTRODUCTION
The last 5 to 6 decades have shown an increased genetic potential of broiler breeders for body weight gain due to selection of the progeny (Havenstein et al., 2003a (Havenstein et al., , 2003b Renema et al., 2007; Zuidhof et al., 2014) . Although the poultry breeding companies have worked to maintain or even increase the rates of egg production and hatchability (Laughlin, 2009) , achieving these potentials at the broiler breeder farm level on a consistent level has proven to be more challenging (Renema et al., 2013) . Therefore, optimization of the diet (protein to energy ratio) and management is necessary to achieve maximal reproduction (Van Emous, 2015) . It has been reported that feeding high levels of crude protein (CP), especially lysine, to broiler breeders will lead to over-fleshing (De Beer, 2009 ). This extra breast muscle requires energy input to prevent po-C 2018 Poultry Science Association Inc. Received October 11, 2017. Accepted January 22, 2018. 1 Corresponding author: rick.vanemous@wur.nl tential negative effects on lay persistency. Furthermore, Lopez and Leeson (1995a) clearly illustrated the negative effect of excess CP on fertility, and Ekmay et al. (2013) identified lysine and isoleucine as 2 amino acids (AA) directly affecting fertility in breeders. Pearson and Herron (1982) reported that low protein intake (21 vs. 27 g/d) improved hatchability due to a decreased embryonic mortality. An additional benefit of feeding breeders a low-CP diet is the decreased nitrogen excretion due to the lower nitrogen intake and higher nitrogen retention (Lopez and Leeson, 1995b) . Feeding the breeders not only affects the breeders themselves but also the progeny . However, relatively few papers are available on the effects of specific protein or AA intake of broiler breeders on offspring performance and slaughter yields (Lopez and Leeson, 1995c; Mejia et al., 2013; Van Emous et al., 2015a; Van Emous, 2015) .
Age at photo stimulation (PS) varies globally and may affect production performance of broiler breeders. In some regions, breeders are stimulated around 21 wk of age while in others, this is around 23 wk of age mainly due to the differences in threshold for minimal hatching egg size (minimum egg weights of 50 and 52 g, respectively). Most breeder farms currently delay age at PS until the flock is 21 to 23 wk of age (Joseph et al., 2002) . Joseph et al. (2002) also stated that later PS breeders generally compensate for a later age at sexual maturity with an increased rate of lay. This was underlined by several authors who found no effect of age at PS on egg production during the overall laying period (Yuan et al., 1994; Robinson et al., 1996; Renema et al., 2001a; Joseph et al., 2002) . No effects of age at PS on incubation traits were found in the studies of Robinson et al. (1996) and Renema et al. (2001a) . In the study of Robinson et al. (1996) , however, they found a higher chick production when birds were PS at 140, 150, or 160 d compared to 120 and 130 d. No literature is available on the effect of age at PS on progeny performance.
As shown above, dietary CP level and age at PS can affect production performance of breeders. Most research, however, was carried out ∼15 years ago and modern broiler breeder strains differ genetically since that time (Havenstein et al., 2003a (Havenstein et al., , 2003b Renema et al., 2007; Zuidhof et al., 2014) . Moreover, little is known about the combined effects of dietary CP level during lay and age at PS. Therefore, the objective of this study was to determine the effects of dietary CP levels during lay and age at PS on reproduction of Ross 308 broiler breeders and progeny performance.
MATERIALS AND METHODS
The protocol for the experiment conformed to the standards for animal experiments and was approved by the Ethical Committee of Wageningen UR, the Netherlands.
Experimental Design
The study was conducted as a 2 × 2 factorial completely randomized block design with 2 maternal dietary CP levels and 2 ages at PS. The birds received 2 diets with different levels of CP: high CP (CPh) at breeder recommendations, and low CP (CPl) ( Table 1) . Diets were formulated to be isocaloric (2,800 kcal/kg nitrogen corrected apparent metabolizable energy [AME n ]) and the calculated CP content of the CPl diets was 15 g/kg lower than the CPh diets during all phases (phase 1: respectively). Each phase had the following duration: phase 1: 22 or 24 to 34 wk of age (for early and late PS, respectively), phase 2: 35 to 46 wk of age, and phase 3: 47 to 60 wk of age. Experimental diets were formulated according to the recommendation of the breeder company and supplemented with free AA (Lys, Met, Thr, Trp, Arg, Ile, Val) (Aviagen-EPI, 2015) . Breeders were reared (20 lx) at a photoperiod of 8L:16D (07:30 to 15:30) and photostimulated with 11 h of light (40 lx) at early (21 wk = PSe) or late age (23 wk = PSl). After PS, day length was gradually increased (22 or 24 wk of age = 12L:12D; 23 or 25 wk of age = 13L:11D; 24 or 26 wk of age = 13.5L:10.5D for PSe and PSl, respectively) to a photoperiod of 14L:10D at 25 (PSe) or 27 (PSl) wk of age. This was maintained until the end of the experiment at 60 wk of age, with light on from 0330 to 1730 h (40 lx). During the experiment, birds fed the different diets received the same daily amount of feed according to the growth pattern of the CPh diet. This resulted in a different daily nutrient intake (particularly CP and AA) for the CPl diet birds (Table 2 ).
Housing and Management Breeders
A total of 480 female and 64 male Ross 308 broiler breeders of 20 wk of age (PoultryPlus, Ambt Delden, The Netherlands) were used in this experiment. Breeders were fed during the pullet phase a commercial 4-phase feeding program (starter-1 diet: d 0 to 14, starter-2 diet: d 15 to 42; grower diet: d 43 to 105, pre-breeder diet: d 106 to 140). The starter-1, starter-2, grower, and pre-breeder diets contained 2,800, 2,800, 2,600, and 2,700 AME n kcal/kg; 20.0, 17.0, 13.5, and 14.5% CP, respectively. The breeders were housed in 16 floor pens (1.8 × 4.0 m = 7.2 m 2 ) with 34 birds (30 females and 4 males) per pen at the start of the laying period (20 wk of age) in 2 separated mechanically ventilated experimental broiler breeder rooms (8 pens per room). Between 20 and 27 wk of age, the 2 main rooms were divided in 2 different temporary light-tight compartments by wooden partitions. All 4 compartments were divided in 4 different pens, which resulted in total 16 pens. Each pen contained a laying nest, 2 feeding troughs for females (6 m length), a separate feeding pan for males, and 7 drink cups above the slatted plastic floor (1.8 × 1.0 m). The remaining area was bedded with wood shavings (2.0 kg/m 2 ). Males received a commercial male diet (2,600 kcal/kg AME n ; 13.0% CP; 0.45% dig. Lys; 0.5% dig. M+C; 1.0% Ca; 0.3% aP). During the first 2 (PSe) or 4 (PSl) weeks birds received a standard pre-breeder diet according to the recommendation of the breeder company (Table 1) . During the experiment, birds were maintained on the same target body weight (BW) and feed allocation was adjusted to the predetermined body growth curve during rearing and a combination of the predetermined body growth curve and egg production (Aviagen-EPI, 2015) . Water was provided ad libitum and temperature was maintained at 20
• C.
Housing and Management Progeny
A total of 384 1-day-old Ross 308 broiler chicks (192 female and 192 male) were used from hatching eggs of 50 wk of age for a growth trial from 0 to 35 d of age. After feather sexing, male and female chicks were randomly allotted to 32 floor pens (1.1 × 0.9 m), with 12 chicks (female or male) per pen. The broiler unit 
( 1 Values between parentheses are for the late PS birds.
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formulated to meet or exceed the nutrient recommendations of the breeder company.
Observations
Body Weight To monitor BW and BW gain, 10 females (as group) and 1 male per pen were weighed weekly from 20 to 60 wk of age in the morning before feeding. At 20 and 60 wk of age, all birds per pen were weighed.
Egg Weight, ASM and Peak Egg Production Egg weight of all hatching eggs (settable and small) of d 1 (Monday) were measured and recorded on a weekly basis. Average egg weight per phase was calculated. Age at sexual maturity (ASM) was defined as age at 50% production and was determined by a linear interpolation of the week (in days) where birds passed 50% rate of lay. Peak egg production was determined as a 3-wk rolling average.
Egg Production All eggs per pen were collected, graded, and recorded daily. The total number of settable (above 50 g), small (under 50 g), double yolk, abnormal shell, dirty, and floor eggs were calculated per pen, per week and per feeding phase.
Mortality Mortality was recorded daily per pen to calculate total percentage of mortality per week, feeding phase, and total laying period. Mortality was categorized as leg problems and other causes.
Incubation Traits and Chick Production Incubation traits were measured at 28, 34, 40, 46, 50, and 56 wk of age. Per age, 150 eggs per pen from 6 to 9 d production period were transported and set, after an approximately 5-to 7-d storage period (16 to 18
• C and 50 to 60% relative humidity), in an incubator at a commercial hatchery (Lagerwey, Lunteren, The Netherlands). At d 18, eggs were transferred to hatcher baskets and placed in an incubator. At d 21 of incubation, unhatched eggs were opened to determine stage of embryonic mortality. The following stages of embryonic mortality were used to classify the dead embryos: d 1 to 11 (early stage to feather follicle visible), d 12 to 17 (small embryo with feathers), d 18 to 21 (full grown dead embryo or live in shell). All chicks were graded as first-or second-grade chicks, wherein a first-grade chick was defined as dry, free of deformities, and bright eyes (Tona et al., 2004) . BW of first-grade chicks were recorded. Fertility was calculated as the percentage of fertile eggs of the set eggs. Hatchability of set and fertile eggs was calculated as the percentage of all chicks hatched of set and fertile eggs, respectively. Embryonic mortality was calculated as a percentage of fertile eggs. Second-grade chicks were calculated as a percentage of total hatched chicks. Chick production was calculated using the mean hatchability of set eggs for each pen and multiplied by its settable egg number per phase and overall laying period.
Progeny performance BW of the broilers in each pen was determined at d 0, 11, 27, and 35. Feed intake, BW gain, and feed conversion ratio (FCR) in each pen were recorded and calculated for the periods d 0 to 11, 12 to 27, 28 to 35, and 0 to 35. Mortality was recorded daily. Live weight, weight of carcass, wings, legs, back and breast meat were recorded at d 35 by slaughtering 4 birds (at random) per pen. Carcass yield was calculated as percentage of live weight of the broiler whereas wings, legs, back and breast meat were calculated as percentage of carcass weight.
Statistical Analysis
Raw data were analyzed for statistical outliers. Significant outliers (values deviating more than 2.5 times the standard deviation from the mean value) were not included in the data subjected to statistical analysis. The experimental data were analyzed using Genstat statistical software (Genstat, 2015) . Statistical significance was declared at P ≤ 0.05, with 0.05 < P ≤ 0.10 considered as a tendency. Response parameters were analyzed using analysis of variance (ANOVA) according the following model: Y ijk = μ + Block i + CP diet j + Age at PS k + (CP diet * Age at PS) jk + ε ijk where Y ijk was the dependent variable, μ was the overall mean, Block i (4 compartments) was the random block effect (i = 1. . . 4), CP diet j was the effect of CP diet (j = 1. . . 2), Age at PS k was the effect of age at PS (k = 1. . . 2), CP diet * Age at PS jk was the interaction effect between CP diet and age at PS and ε ijk was the residual error term. Pen was the experimental unit. The statistical model for progeny performance included sex (male and female).
RESULTS AND DISCUSSION

Body Weight
A 9% lower total CP intake for the birds fed the CPl diet did not (except at 34 wk of age) affect BW of the birds during the laying period (Table 3) . This was in line with data of previous studies of Pearson and Herron (1981) ; Lopez and Leeson (1995a); Joseph et al. (2000) , and Mohiti-Asli et al. (2012) . As suggested by several authors, BW of breeders seems to be more affected by energy than by protein intake per se (Pearson and Herron, 1981; Spratt and Leeson, 1987; Keshavarz and Nakajima, 1995; Mohiti-Asli et al., 2012) .
Concurring with previous research of Robinson et al. (2007) , no effects of different PS on BW were observed at onset of lay (20 and 24 wk of age) (Table 3) .
Egg Weight, ASM, and Peak Egg Production
Daily CP intake did not affect overall egg weight (Table 4) Egg weight during the overall laying period was not affected by age at PS (Table 4) , which was consistent with previous studies (Yuan et al., 1994; Robinson et al., 1996; Renema et al., 2001a; Pishnamazi et al., 2014) . Contrary to our results, Joseph et al. (2000 Joseph et al. ( , 2002 found that birds that were photo stimulated at 23 versus 21 wk of age produced heavier eggs throughout the overall laying period. They postulated that this was mainly caused by a higher BW during the first part or overall laying period. In the current study no effect on BW during the initial and overall laying period was observed which explained the absence of differences in egg weight.
Age at sexual maturity was not affected by differences in daily CP intake (Table 4) which concurred with studies of Pearson and Herron (1981) ; Spratt and Leeson (1987) ; Lopez and Leeson (1995a) , and Joseph et al. (2000) . Contrary to those findings, Van Emous et al. (2015b) observed a delayed ASM of 1.4 d when breeders received a 10% higher daily CP intake during initial lay. In the latter study, however, an opposite advanced peak egg production of 8.5 d was found. They postulate that this was caused by the higher daily CP intake which stimulates the development of the reproductive tract (Lilburn and Myers-Miller, 1990) . The reason for the absence of an effect on ASM in the current study, may be due to the fact that the difference in daily CP intake (21.3 vs. 19.3 g/d) between the treatments was not distinctive enough.
Late PS birds showed a delayed ASM (P < 0.001) and age at egg peak production (P = 0.029) of 4.6 and 5.3 d, respectively (Table 4 ). Age at sexual maturity, in the current study, was delayed by 0.33 d per d that PS was delayed. This was in close agreement with Renema et al. (2001b) , and Pishnamazi et al. (2014) who found an increase of 0.35 and 0.40 d, respectively, per d that PS was delayed. A maturation rate of 0.36 d per d that PS was delayed was calculated by Lewis (2006) . Robinson et al. (1996) ; Joseph et al. (2002) , and Ciacciariello and Gous (2005) found lower maturation rates of 0.22, 0.27, and 0.21 d, respectively, per day that PS was delayed.
Neither peak egg production and age at peak egg production were influenced in the current study by daily CP intake (Table 4) . This is consistent with Spratt and Leeson (1987) , but in contrast with Lopez and Leeson (1995a) . The latter authors reported that birds fed a 16% CP diet reached the highest and the most persistent peak production. However, due to a difference in persistency in the second part of lay, no effect on total egg production at the end of lay was observed in that study.
No effect of age at PS on peak egg production was found in the current study (Table 4 ). In the literature, only 1 study (Yuan et al., 1994) is available that shows some information about peak egg production. Yuan et al. (1994) found that breeders PS at 14 and 17 wk of age showed a higher number of early egg production (until 30 wk of age) and a lower peak egg production compared to breeders PS at 20 wk of age. The difference between the current and the study of Yuan et al. (1994) is that the latter authors applied extreme early ages at PS (14 and 17 wk of age), which is not relevant under practical circumstances.
Egg Production
Reductions of 15 g/kg of dietary CP levels during phase 1 (22 or 24 to 34 wk of age) and phase 2 (35 to 46 wk of age) did not affect total egg production and settable eggs compared to the CPh diet (Table 5 ). In phase 3 (47 to 60 wk of age), reductions of CP levels from 13.0 to 11.5% reduced (P = 0.043) total egg production. This resulted in a tendency (P = 0.075) to a lower total egg production (183.5 vs. 188.2 eggs/hen housed) for the overall laying period (22 or 24 to 60 wk of age) for birds fed the CPl diet (19.3 g CP/bird/d).
In contrast with the current study, Pearson and Herron (1981) ; Spratt and Leeson (1987) , and Lopez and Leeson (1995a) found no effects on egg production when birds were fed a low daily CP intake (21.3, 16.9 and 14.9 g CP/bird, respectively). An opposite effect was reported by Whitehead et al. (1985) ; who found a higher egg production when breeders were fed a lower daily protein intake (20.5 vs. 25.2 g CP/bird). Joseph et al. (2000) found a lower numerical egg production for birds fed 14 compared to 16 and 18% CP diets; however, they carried out the experiment between 24 and 29 wk of age. The difference in effect on egg production due to the different daily protein intake in phase 3 in the current study might be explained by a low dietary electrolyte balance (DEB) level of the CPl diet. To achieve an 11.5% CP diet, a very low level of soybean meal was used, which resulted in a K content of 5.3 g/kg and a DEB of 150 mEq/kg. Dos Santos et al. (2011) reported that broiler breeders from 55 to 66 wk of age had decreased egg production when fed diets with a DEB of 150 mEq/kg compared to 180 mEq/kg. Recent research of Halley et al. (2016) , using Ross 708 broiler breeders, reported that levels of 180 and 205 mEq/kg analyzed DEB significantly improved egg production in wk 50 compared to breeders fed a diet with 160 mEq/kg. The severe reduction in DEB during phase 3 for the CPl diet in the current study may have been involved with the reduction in egg production during this phase.
A higher number (2.3 vs. 1.5%) of abnormal-shell eggs (cracked, soft shell, and shell-less) during the overall laying period were found for birds fed the CPl diet (P = 0.028), which was mainly caused by the higher number of abnormal-shell eggs in phase 3 of lay (Table 5 ). Possible dietary factors that affect eggshell quality are calcium intake, available phosphorus intake, and ingredients. In the current study, all these factors were equal, and therefore it is hypothesized that the low level of DEB may have been related with the increased number of abnormal-shell eggs in the CPl group.
In the current study, early PS birds produced in the first phase 2.5 more total, 2.6 more settable, 0.9 more small, and 1.2 fewer floor eggs (Table 5) . Egg production during the overall laying period, however, was not affected by age at PS. This result for the overall laying period was previously found by Yuan et al. (1994) ; Robinson et al. (1996) ; Renema et al. (2001a) , and Joseph et al. (2002) . The latter authors stated that later PS breeders generally compensate for a later age at sexual maturity with an increased rate of lay. Not surprisingly, the early PS birds in the current study produced more small eggs (2.7 vs. 1.8) during phase 1. In a previous study of Renema et al. (2001a) initial egg weight was decreased (43.9 vs. 46.0 g) for early PS breeders (19 vs. 21 wk of age). This difference in egg weight was caused by the 4.9 d earlier age at sexual maturity, lower BW at onset of lay (2,547 vs. 2,681 g) of the breeders, and an 11.5% lower liver weight of early PS birds, which limits the production of yolk precursors and thus also egg weight (Renema et al., 2001b ).
Mortality
No effect of different daily CP intake was found on mortality (data not shown), which is contrary to Lopez and Leeson (1995a) who found a trend to a lower mortality when birds were fed a 10% CP diet. An opposite effect was shown by Van Emous et al. (2015b) who found an increased mortality during the first phase of lay (22 to 45 wk of age) for birds fed the lowest daily CP intake. The majority of the mortality was due to an Table 5 . Egg production traits and defective egg production (n/hen) during the 3 phases of the laying period and overall laying period as affected by dietary protein level (CP) and age at photo stimulation (PS) of Ross 308 broiler breeders. increased incidence of ruptures of the gastrocnemius tendons. They hypothesized that this was caused by competitive feeding behavior resulting in (hyper)activity like running and jumping, inducing a higher risk of damaging the tendons. This competitive feeding behavior was avoided by additional feeding space in the current study.
Incubation Traits and Chick Production
In the current study, fertility was not affected by differences in daily CP intake (Table 6) , which was also reported by Whitehead et al. (1985) ; Mejia et al. (2012) , and Van Emous et al. (2015b) . Other studies, however, showed that feeding broiler breeders a high Table 6 . Fertility, hatchability, embryonic mortality, second grade chicks, chick weight, and chick production during the 3 phases of the laying period and overall laying period as affected by dietary protein level (CP) and age at photo stimulation (PS) of Ross 308 broiler breeders. daily protein level during the laying period resulted in decreased fertility (Lopez and Leeson, 1995a; Ekmay et al., 2013) . It is not clear what caused the differences between the current and latter cited studies, but possible causative factors are: housing system, breed, amount of feed, energy to protein ratio, and energy level. Moreover, body composition of broiler breeders has changed dramatically during the last decades to a much leaner bird (Eitan et al., 2014) . Therefore, nowadays breeders are managed in a totally different way than decades ago, making comparison of results more difficult. During phase 3 (47 to 60 wk of age), hatchability of set eggs tended (P = 0.064) to be lower for the birds fed the CPl diet. These results are in contrary to the findings of Pearson and Herron (1981) ; Spratt and Leeson (1987), and Mohiti-Asli et al. (2012) , who found no effect on hatchability. An opposite effect, thus an increased hatchability at lower daily CP intake, was found by Pearson and Herron (1982) ; Whitehead et al. (1985) ; Leeson (1995a), and Van Emous et al. (2015b) . It is suggested that the lower hatchability in the current study was caused by the low daily protein intake during phase 3 (17.8 g CP/d). Nowadays broiler breeder strains are much leaner than previous ones (Eitan et al., 2014) and maybe more sensitive to a lower daily protein intake. It is hypothesized that this is caused by the higher proportion of breast meat, which results in an increased protein turnover. This can result in an increased chance in deficiency of specific AA that are important for embryonic development.
No effects of age at PS on incubation traits for the overall laying period were found, which is in agreement with Robinson et al. (1996) , and Renema et al. (2001b) (Table 6 ), in the current study in phase 1 (22 or 24 to 34 wk of age); however, a higher fertility (P = 0.006) and a small tendency to a higher hatchability of set eggs (P = 0.093) was found for the early PS birds. It is noted that the effect of age at PS on fertility was more evident at 28 wk of age (+7.2%) than at 34 wk of age (+2.5%) (data not shown). The difference in fertility (and hatch of set eggs) can be explained by differences in body composition at sexual maturity (not measured) as previously suggested by Robinson et al. (1996) . It is observed by Robinson et al. (1996) that early PS birds had an increased fat deposition between photo stimulation and first oviposition. In combination with the suggestion of Bornstein et al. (1984) that a minimum amount of fat is necessary for sexual maturation; this means that early PS birds mature earlier and are ready to produce fertile eggs.
In the current study, chick weight was not affected by daily protein intake, consistent with the study of Mohiti-Asli et al. (2012) (Table 6 ). It is previously showed by Lopez and Leeson (1995a) that chick weight is not easily affected by protein intake. In their study, they found a decreased chick weight only at very low dietary protein content (10% CP; 14.5 g CP/d on average), whereas no effect was found for the 12, 14, and 16% CP diets.
Chick weight in phase 1 originating of late PS breeders was highest (39.8 vs. 38.8 g), which resulted in a tendency (P = 0.087) to a higher overall chick weight (Table 6 ). It has been noted that the effect of age at PS on chick weight was much more pronounced at 28 (+1.6 g) than at 34 (+0.3 g) wk of age (data not shown). No other studies are available for comparison; however, it is likely that a higher initial egg weight, as found by Renema et al. (2001a) , also results in a higher initial chick weight.
The combination of the lower egg production and hatchability of set eggs in phase 3 resulted in a lower number of chicks (46.9 vs. 51.5) for the birds fed the CPl diet during that particularly phase of the laying period (Table 6 ). This result is in contrast with previous work (Whitehead et al., 1985) who found a higher chick production (+9.2) when birds were fed a 13.7 instead of a 16.8% CP diet. The difference between the current and the previous study is that in the current study, dietary CP level for the CPl birds was decreased from 13.5 to 11.5%, which is much lower than in the study of Whitehead et al. (1985) , where dietary CP level for the low protein diet was maintained at 13.7% during the entire laying period.
Chick production in phase 1 was increased (43.2 vs. 38.9) for early PS breeders resulting in a tendency (P = 0.071) to higher overall chick production of almost 8 chicks (150.5 vs. 142.8) ( Table 6 ). This was mainly caused by the combination of the higher egg production (Table 5 ) and a tendency to a higher hatchability of set eggs during phase 1 ( Table 6 ). As suggested before, the early PS birds were mature earlier, resulting in an earlier start of reproduction. In contrast to our results, Renema et al. (2001a) did not find an effect on chick production between 19 or 21 wk of age PS breeders. An opposite effect, however, was found by Robinson et al. (1996) . A lower number of chicks was observed when breeders were PS at 120 and 130 d of age compared to 140, 150, or 160 d of age. They mentioned that this was due to a higher numerically number of embryonic mortality and numerically lower fertility. It is not clear what caused the differences between the current study and that of Robinson et al. (1996) . It is therefore suggested that this is may be due to the extreme early age (17.0 and 18.5 wk of age) at PS in the latter study, resulting in a lower persistence of the birds.
Progeny Performance
Maternal CP diets did not affect production performance and slaughter yields of the progeny obtained of hatching eggs from 50 wk of age breeders (Table 7) which is in line with the results of Meija et al. (2013) ; Van Emous et al. (2015a), and Van Emous (2015) . Contrary to the results of the current paper, Lopez and Leeson (1995c) found a decreased FCR (1.935 vs. 1.985) of the progeny from 52 wk of age breeders that were fed a 10 and 12% CP compared to a 14 and 16% diet. The absence of an effect of CP intake on progeny performance and slaughter yields might be explained by the fact that 60 to 70% of egg albumen lysine is derived from skeletal muscle reserves and the remainder from dietary resources (Ekmay, 2011) . He suggested that skeletal muscles probably functioned as a transient protein pool from which lysine can be mobilized.
Progeny from early PS breeders showed a significant lower FCR (1.473 vs. 1.491; P = 0.017) in the overall period of 0 to 35 d compared to broilers from late PS breeders (Table 7) . A sound explanation for this phenomenon was not found. 
CONCLUSIONS
Reducing dietary CP level by 15 g/kg compared to current breeder standards did not affect egg and chick production from 22 to 46 wk of production. However, egg and chick production during phase 3 was reduced for the birds fed an 11.5% CP diet without balancing for DEB. Chick production in phase 1 was higher for PSe birds, resulting in a tendency (P = 0.071) to higher overall chick production of almost 8 chicks. It is possible to decrease CP level of broiler breeder diets with comparable reproductive performance from 22 to 46 wk of age; however, this is questionable for phase 3 (47 to 60 wk of age). For maximal chick production early PS (21 vs. 23 wk of age) is recommended.
